Amendments to the Claims 



p 



1. (Currently Amended) An OFDM demodulation apparatus for demodulating an OFDM 
signal which includes a specific svnchror ous symbol and an OFDM data symbol structured by a valid 



symbol period and a guard interval, said 



and a specific synch r onous symbol is includ e d in the OFDM 



signal for ev e ry transm i ssion fram e and, 



the apparatus comprising: 



)art for estimating an impulse response from said OFDM 
a signal an output obtained by estimation in said impulse 



an impulse response estimation 

signal; 

an integration part for integrating 
response estimation part; 

a determination part for detecting symbol timing indicating a period where said output 
obtained by integration in said integration! part is maximum of said OFDM signal bas e d on a value 
obtained by integrat i on in said integ r a t ion ' p a r t ; 

a window timing generation part for generating, according to said symbol timing, window 
timing including information which is capable of providing to p r ovid e said valid symbol period; and 

a Fourier transformation part for subjecting said OFDM signal to Fourier transform according 
to said window timing. 



ignal for a predetermined number of samplings; 
signal obtained by delay in said delay part and said 



2. (Original) The OFDM demodulation apparatus according to claim 1, when an identical 
waveform is periodically transmitted in said synchronous symbol for twice or more, said apparatus 
further comprising: 

a delay part for delaying said OFDM 

a multiplication part for multiplying d 
OFDM signal; 

an averaging part for averaging a signal obtained by multiplication in said multiplication part; 
a frequency error calculation part for calculating a frequency error based on a signal obtained 
by averaging in said averaging part; 

a hold part for holding said frequency elrror according to said symbol timing; and 
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for 



a frequency correction part 
to said frequency error provided by siid 
to Fourier transform, said OFDM sign 
part according to said window timing 



correcting a frequency shift of said OFDM signal according 
hold part, wherein said Fourier transformation part subjects, 
al with frequency shift corrected by said frequency correction 



3. (Original) The OFDM demodulation apparatus according to claim 1, when an identical 
waveform is periodically transmitted I n said synchronous symbol for twice or more, the apparatus 
further comprising: 

a first delay part for delaying said OFDM signal (hereinafter, first OFDM signal) for a first 
predetermined number of samplings; ■ 

a first multiplication part for multiplying a signal obtained by delay in said first delay part and 
said first OFDM signal; 

a first averaging part for averaging a signal obtained by multiplication in said first 
multiplication part; 

a first frequency error calculatic n part for calculating a first frequency error based on a signal 
obtained by averaging in said first avenging part; 

a filter part for smoothing a signal obtained by multiplication in said first multiplication part; 
an absolute value calculation p irt for calculating an absolute value of a signal obtained by 
smoothing in said filter part; 

a first determination part for determining, according to said absolute value, a correlation 
between said first OFDM signal and the signal obtained by delay in said first delay part, and detecting 
symbol timing of said first OFDM signal; 

a first hold part for holding said first frequency error according to said symbol timing detected 
by said first determination part; 

a first frequency correction pait for correcting a frequency shift of said first OFDM signal 

provided by said first hold part; 

;, for a second predetermined number of samplings, said first 
OFDM signal with frequency shift corrected by the first frequency correction part (hereinafter, second 
OFDM signal); 



according to said first frequency error 
a second delay part for delayim; 
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a second multiplication p* rt for multiplying a signal obtained by delay in said second delay 
part and said second OFDM sign il; 

a second averaging part br averaging a signal obtained by multiplication in said second 
multiplication part; 

a second frequency error calculation part for calculating a second frequency error based on 
a signal obtained by averaging in said second averaging part; 

a second hold part for hold ng said second frequency error according to said symbol timing 



detected by said determination par 
a second frequency correct 



and 

on part for correcting a frequency error of said second OFDM 



signal according to said second free uency error provided by said second hold part, wherein 



said impulse response estima 
signal, and 

said Fourier transformation 



«&7 

* inl 



ion part estimates the impulse response from said second OFDM 



art subjects, to Fourier transform, said second OFDM signal with 
frequency shift corrected by said second frequency conversion part according to said window timing. 



4. (Original) The OFDM demodulation apparatus according to claim 1, wherein said 
ntegration part regards a time length of said guard interval as an integration section, and integrates 
an incoming signal while sequentially shifting the location of the integration section with respect to 
the incoming signal. 



5. (Original) The OFDMUdemoduIation apparatus according to claim 1, wherein said 
integration part regards a time length of said guard interval and a predetermined time length before 
and after the guard interval as an integration section, and by integrating an incoming signal while 
sequentially shifting the location df the integration section with respect to the incoming signal, 
responds before and after a rectangular impulse response in the time length of said guard interval. 



6. (Original) The OFDM demodulation apparatus according to claim 1, wherein said 
integration part regards a time lengtfl of said guard interval and a predetermined time length before 
and after the guard interval as an integration section, and by integrating an incoming signal while 
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sequentially shifting the location 
responds monotonously increasing 
guard interval but monotonously cecreasing thereafter. 



Jf the integration section with respect to the incoming signal, 
before a rectangular impulse response in the time length of said 



7. (Original) The OFDM d< modulation apparatus according to claim 1, wherein said impulse 
response estimation part comprise 

a synchronous symbol generation part for generating a signal identical to said synchronous 

symbol; 

a correlation part for calculating a signal indicating how the signal generated by said 
synchronous symbol generation p< rt and said OFDM signal are correlated to each other; and 

a correlation calculation tmrt for calculating a correlation from the signal obtained by 
calculation in said correlation part 

8. (Original) The OFDM demodulation apparatus according to claim 1, wherein said impulse 
response estimation part comprises: 

a synchronous symbol generation part for generating a signal whose frequency domain is 

bol; 



identical to said synchronous syn 

a multiplication part for rr ultiplyi 

the signal provided by said synch ro 

an inverse Fourier transfi>rmat 

obtained by multiplication in saic 
a correlation calculation 

inverse Fourier transformation p&rt 



ng a signal provided by said Fourier transformation part and 
nous symbol generation part; 

ion part for subjecting, to inverse Fourier transform, a signal 
multiplication part; and 

part for calculating a correlation from a signal provided by said 



9. (Original) The OFDM demodulation apparatus according to claim 7, wherein 
said correlation calculatic n part calculates an absolute value of complex vector (i, q) of the 
incoming signal. 



10. (Original) The OF 
said correlation 
incoming signal. 



M demodulation apparatus according to claim 8, wherein 
calculation part calculates an absolute value of complex vector (i, q) of the 



11. (Original) The OFpM 
said correlation calculation 
value of q from the complex v< 



demodulation apparatus according to claim 7, wherein 
part calculates a sum of an absolute value of i and an absolute 
ector (i, q) of the incoming signal. 



12. (Original) The 
said correlation 
value of q from the complex ^ 



13. (Original) The 
said correlation calcul 
complex vector (i, q) of the in 



14. (Original) The 
said correlation calcul 
complex vector (i, q) of the i 



OFjDM demodulation apparatus according to claim 8, wherein 
calculation part calculates a sum of an absolute value of i and an absolute 
ector (i, q) of the incoming signal. 



OF0M demodulation apparatus according to claim 7, wherein 

tion part calculates a sum of a square of i and a square of q from the 
oming signal. 



OFIJ)M demodulation apparatus according to claim 8, wherein 

a|ion part calculates a sum of a square of i and a square of q from the 
incoming signal. 



~M f 15. (OriginalwThe OFDM demodulation apparatus according to claim 3, wherein 
saia first determinatio n part receives said absolute value calculated by said absolute value calculation 



part, detects a value 



for invariability thereof, and then detects the absolute value showing a 



predetermined proportion to the invariable value. 

1 6. (Original) An OFDM demodulation apparatus for demodulating an OFDM signal in which 
a known pilot carrier being a ref&feTTse phase is assigned to each of a plurality of predetermined 
subcarriers, the apparatus compVisiiW^->, 

a Fourier transfonriationlpartVorySubjecting said OFDM signal to Fourier transform; 
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a pilot carrier extraction part for extracting said pilot carriers from a signal obtained by 



Fourier transform in said Fourier t 
a phase change calculation 
a window shift estimation 

window timing indicating timing 
a window timing generati 

window shift estimation part and 

causes said Fourier transformatio 



ansformation part; 

>art for calculating a phase change of said extracted pilot carriers; 
part for estimating, according to said phase change, a shift of 
fhr operation of said Fourier transformation part; and 
m part for generating, according to the shift estimated in said 
symbol timing of said OFDM signal, said window timing which 
part to operate. 



17. (Original) An OFDM 



[ c emodulation apparatus for demodulating an OFDM signal in which 
every transmission frame is pro\ ided with a predetermined reference symbol, and a known pilot 
carrier being a reference phase i i assigned to each of a plurality of predetermined subcarriers, the 



apparatus comprising: 

a Fourier transformation 
a reference symbol gener 
a transmission path ch 



part fpr^ubj^cting said OFDM signal to Fourier transform; 
ition part! for generating a signal identical to said reference symbol; 
iracteristnp estimation part for estimating a transmission path 
characteristic based on the signafi generateqpy saij* reference symbol generation part and a Fourier- 
transformed signal in said Fourielr transfornMK5n part; 

an equalization part for equalizing the Fourier-transformed signal according to information 
about the transmission path characteristic provided by said transmission path characteristic estimation 
part; 

a pilot carrier extraction tpart for extracting said pilot carriers from a signal obtained by 
equalization in said equalization pert; 

a phase change calculation part for calculating a phase change of said extracted pilot carriers; 

a window shift estimation! part for estimating, according to said phase change, a shift of 
window timing indicating timing for operation of said Fourier transformation part; and 

a window timing generation part for generating, according to the shift estimated in said 
window shift estimation part and symbol timing of said OFDM signal, said window timing which 
causes said Fourier transformation part to operate. 
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18. (Original) The OFDM demodulation apparatus according to claim 17, further comprising: 
a phase shift estimation pjjrt for estimating a phase shift of said OFDM signal according to 
said phase change; and 

a transmission path information correction part for correcting, according to said phase shift, 
said information about the transmission path characteristic to be outputted from said transmission 
estimation part to said equalization part. 



19. (Original) The OFDM demodulation apparatus according to claim 18, wherein 

said transmission path information correction part corrects said information about 



transmission path characteristic abcofdriTg 
provided by said window shift estimation part 



i timing when a signal indicating the phase shift is 



20. (Original) The OFDM Idemodulatio/ apparatus according to claim 17, wherein said 



3^ window timing generation part gemerat&s^1*£cording to the shift estimated in said window 



shift 



estimation part, said window timing j^vhile shifting said symbol timing for a predetermined number of 
samplings. 



2 1 . (Original) The OFDM demodulation apparatus according to claim 1 7, further comprising: 
a phase shift estimation part for estimating a phase shift of said OFDM signal according to 
said phase change; and 

a phase correction part for correcting a phase of the signal provided by said equalization part 
based on said phase shift. 




22. (Currently Amdnded) An OFDM demodulation method for demodulating an OFDM 
signal which includes a specific synchronous symbol and an OFDM data symbol structured by a valid 
symbol period and a guard interval, said and a sp e cific synchronous symbol is included in th e OFDM 
signal for ev e ry transmission pam e and, th e method comprising the s t e p s o f: 

an impulse response estimation step of estimating an impulse response from said OFDM 

signal; 
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an integration step of i itegrating an output a signal obtained by estimation in said impulse 
response estimation step ; 

a determining step of detecting symbol timing indicating a period where said output obtained 
by integration in said integration step is maximum of said OFDM signal based on a valu e obtained 



by integ r at i on in said int e g r atio i p a r t 



a window timing gener; 



timing including information w 



on said symbol timing ; and 

a Fourier transformation 



transform according to said wi 



tion step of generating , according to said symbol timing, window 



ich capable of providing to p r ov i d e said valid symbol period based 



step of subjecting Fouri er -transforming said OFDM signal to Fourier 



ndow timing. 




23. (Original) The OFDM demodulation method according to claim 22, when an identical 
waveform is periodically transmitted in said synchronous symbol for twice or more, the method 
further comprising the steps of: 

for a predetermined number of samplings; 
d by delay in said delay part and said OFDM signal; 



delaying said OFDM signa 
multiplying a signal obtain^ 



averaging a signal obtained by multiplication in said multiplication part; 

calculating a frequency errDr based on a signal obtained by averaging in said averaging part; 

holding said frequency error according to said symbol timing; and 

correcting a frequency shin of said OFDM signal according to said frequency error provided 
in said holding step, wherein in said Fourier-transform step, said OFDM signal with frequency shift 
corrected is subjected to Fourier transform according to said window timing. 



24. (Original) The OFDM demodulation method according to claim 22, when an identical 



waveform is periodically transr 
further comprising: 

a first delay step of de 
predetermined number of samp 



mitted in said synchronous symbol for twice or more, the method 

lying said OFDM signal (hereinafter, first OFDM signal) for a first 

ings; 
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averaging step; 

a step of smoothing a signal obtainec 
a step of calculating an absolute vali e 



a first multiplication step of multiplying a signal obtained by delay in said first delay step and 
said first OFDM signal; 

a first averaging step of averaging a signal obtained by multiplication in said first 
multiplication step; 

a step of calculating a first frequency inor based on a signal obtained by averaging in said first 



by multiplication in said first multiplication step; 
of a signal obtained by smoothing in smoothing step; 
a first determination step of determining, according to said absolute value, a correlation 
between said first OFDM signal and the signal obtained by delay in said first delay step, and detecting 
symbol timing of said first OFDM signal; 

a step of holding said first frequency error according to said symbol timing detected in said 



first determination step; 

a step of correcting a frequency 
frequency error held; 

a second delay step of delaying, for 



OFDM signal with frequency shift correct d (hereinafter, second OFDM signal); 

a second multiplication step of mu 
and said second OFDM signal; 

a second averaging step of averai 



^hift of said first OFDM signal according to said first 

a second predetermined number of samplings, said first 
i (hereinafter, second OFDM signal); 
plying a signal obtained by delay in said second delay step 

ing a signal obtained by multiplication in said second 

ency error based on a signal obtained by averaging in said 



frequency error held, 

wherein in said estimating step, an 
signal, and 



multiplication step; 

a step of calculating a second freq 
second averaging step; 

a step of holding said second frequency error according to said symbol timing detected in said 
determination step; and 

a step of correcting a frequency sH ft of said second OFDM signal according to said second 



impulse response is estimated from said second OFDM 
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in said Fourier-transform stej), according to said window timing, said second OFDM signal 
with frequency shift corrected is subjected to Fourier transform. 



25. (Original) The 
integrating step, a time length 
incoming signal is integrated w 
with respect to the incoming 



OIJDM demodulation method according to claim 22, wherein in said 
of said guard interval is regard as an integration section, and an 
lile the location of the integration section being sequentially shifted 



s gnal. 



26. (Original) The OF )M demodulation method according to claim 22, wherein in said 



said guard interval and a predetermined time length before and after 
an integration section, and by integrating an incoming signal while 



integrating step, a time length o 
the guard interval are regarded 
sequentially shifting the locatioi of the integration section with respect to the incoming signal, a 



response is provided before and 
guard interval. 



after a rectangular impulse response having the time length of said 



27. (Original) The OFDI4 demodulation method according to claim 22, wherein in said 
integrating step, a time length of s aid guard interval and a predetermined time length before and after 

\n integration section, and by integrating an incoming signal while 
of the integration section with respect to the incoming signal, a 
reasing before a rectangular impulse response having the time 



the guard interval are regarded as 
sequentially shifting the location 
response which monotonously in 



length of said guard interval but n onotonously decreasing thereafter is provided. 

28. (Original) The OFDM demodulation method according to claim 22, wherein said 
estimating step comprises the steps of: 

generating a signal identical! to said synchronous symbol; 

calculating a signal indicating a correlation between a signal generated in said generating step 
and said OFDM signal; and 

calculating a correlation frorA a signal obtained in said calculating step. 
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29. (Original) The 
estimating step comprises th 
generating a frequency 
multiplying a signal 
generated in said generating 
inverse-Fourier-trans 
calculating a correlat 



DFDM demodulation method according to claim 22, wherein said 
steps of: 

domain signal identical to said synchronous symbol; 
obtained in said Fourier-transform step and the frequency-domain signal 
tep; 

brming a signal obtained in said multiplying step; and 
on from said inverse-Fourier-transformed signal. 



30. (Original) The 
in said calculating 
calculated. 



OHDM demodulation method according to claim 28, wherein 

, an absolute value of complex vector (i, q) of the incoming signal is 



step 



31. (Original) The 
in said calculating ste 
calculated. 



32. (Original) The 0 
in said calculating 
calculated from the complex 



OFtDM demodulation method according to claim 29, wherein 

an absolute value of complex vector (i, q) of the incoming signal is 



DM demodulation method according to claim 28, wherein 
stefc), a sum of an absolute value of i and an absolute value of q is 
ector (i, q) of the incoming signal. 



33. (Original) The O 
in said calculating step 
from the complex vector (i, q) 



)M demodulation method according to claim 29, wherein 

a sum of an absolute value of i and an absolute value of q is calculated 

of the incoming signal. 



34. (Original) The 
in said calculating step, 
vector (i, q) of the incoming sibnal. 



OFlpM demodulation method according to claim 28, wherein 

a sum of a square of i and a square of q is calculated from the complex 
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35. (Original) The m 
in said calculating stef 
vector (i, q) of the incoming 




qthod for OFDM demodulation according to claim 29, wherein 
, a sum of a square of i and a square of q is calculated from the complex 
iignal. 



36. (Original] 



The OFDM demodulation method according to claim 24, wherein 



in said first determination step, a value for invariability of said absolute value is detected, and 
then the absolute value showing a predetermined proportion to the invariable value is detected. 



37. (Original) An OFDlvl demodulation method for demodulating an OFDM signal in which 
a known pilot carrier being a reference phase is assigned to each of a plurality of predetermined 
subcarriers, the method comprising the steps of: 

Fourier-transforming saiH OFDM signal; 

extracting said pilot carriers from said Fourier-transformed signal; 
calculating a phase change of said extracted pilot carriers; 

estimating, according to ^aid phase change, a shift of window timing indicating timing for 
Fourier transform; and 

generating, according to sViid estimated shift and symbol timing of said OFDM signal, said 
window timing for Fourier transfopn with respect to said OFDM signal. 



38. (Original) An OFDM demodulation lyethod for demodulating an OFDM signal in which 
every transmission frame is provided withra predetermined reference symbol, and a known pilot 
carrier being a reference phase is aipigfTeffto each of a plurality of predetermined subcarriers, the 
method comprising the steps of: 

Fourier-transforming said OltDM signal; 

generating a signal identical tp said reference symbol; 

estimating a transmission pathjcharacteristic based on said generated signal and said Fourier- 
transformed signal; 

equalizing said Fourier-transfdrmed signal according to information about the transmission 
path characteristic obtained in said estimating step; 
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extracting said pilot earners from said equalized signal; 
calculating a phase change of said extracted pilot carriers; 

estimating, according t|o said phase change, a shift of window timing indicating timing for 
Fourier transform; and 

generating, according jo said estimated shift and symbol timing of said OFDM signal, said 
window timing for Fourier transform with respect to said OFDM signal. 



39. (Original) The OF|DM demodulation method according to claim 38, further comprising 
the steps of: 

estimating a phase shijft of said OFDM signal according to said phase change; and 
correcting said information about transmission path characteristic according to said phase 

shift. 




40. (Original) The O 
in said correcting stefc) 
according to timing when a 
estimating step. 



DM demodulation method according to claim 39, wherein 
, said inforr\$tjj&fi--about transmission path characteristic is corrected 
signal indicting tl/e phase shift is provided after estimated in said 



41. (Original) The OFDM demodulation method according to claim 38, wherein in said 



window-timing-generating s, 
for a predetermined number 

42. (Original) The O 

the steps of: 

estimating a phase sh 
correcting a phase of 

phase shift. 



ep, said window timing is generated while shifting said symbol timing 
of timings according to said estimated shift. 

DM demodulation method according to claim 38, further comprising 

t of said OFDM signal according to said phase change; and 
signal provided after equalization in said equalizing step based on said 
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iAcl 



43. (New) An OFDM 



a determiner operable t ) 
by integration in said integrato 

a window timing gener 
timing including information w 



demodulation apparatus for demodulating an OFDM signal which 
dudes a specific synchronous symbol and an OFDM data symbol structured by a valid symbol 
period and a guard interval, and < 
said apparatus comprising: 

an impulse response es 

signal; 



said OFDM data symbol is generated from a plurality of subcarriers, 
imator operable to estimate an impulse response from said OFDM 



an integrator operable tp integrate an output obtained by estimation in said impulse response 
estimator; 

• detect symbol timing indicating a period where said output obtained 
is maximum; 

rhtor operable to generate, according to said symbol timing, window 
hich is capable of providing said valid symbol period; and 



a separator operable to peparate said OFDM signal into the plurality of subcarriers according 
to said window timine. 



44. (New) An OFDM demodulation method for demodulating an OFDM signal which 
includes a specific synchronous symbol and an OFDM data symbol structured by a valid symbol 
period and a guard interval, and paid OFDM data symbol is generated from a plurality of subcarriers, 
said method comprising: 

an impulse response estjmation step of estimating an impulse response from said OFDM 

signal; 

an integration step of integrating an output obtained by estimation in said impulse response 
estimation step; 

a determination step of delecting symbol timing indicating a period where said output obtained 
by integration in said integration fetep is maximum; 

a window timing generation step of generating, according to said symbol timing, window 
timing including information which is capable of providing said valid symbol period; and 



a separation step of separa 
said window timing. 



ng said OFDM signal into a plurality of subcarriers according to 



